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(54) improvements in or relating to 
flexible joint means 

(57) Flexible joint means (Din which 
a flexible bearing (4) positioned 
between a hollow outer member (2) 
and part of an inner member (3) 



received within the outer member (2) 
accommodates tension loads applied 
to either member (2. 3) and a 
substantially incompressible fluid (1 8) 
contained within a fluid-tight cavity 
(1 7) in the outer member (2) 
accommodates compression loads 
applied to either member (2, 3). 
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SPECIFICATION . 
Improvements in or relating to flexible joint 

means 

This invention concerns improvements in or 
relating to flexible joint means. OQCan 

One known flexible joint means comprises an 
annular flexible bearing acting between 
confronting axially aligned ball and socket 
surfaces of a pair of members to accomodate 
relative pivotal movement between the members 
in any plane containing the longitudinal axis of the 

joint means. 

A disadvantage of this type of joint means is 
that the flexible bearing although capable of 
accommodating high compression loads can only 
withstand relatively low tension loads before 
rupturing. As a result for applications where 
compression and tension loads of similar 
magnitude are to be accommodated it is 
necessary to provide joint means incorporating 
two flexible bearings arranged one to carry the 
compression loads and the other to carry the 
tension loads. This is unsatisfactory as not only is 
the arrangement expensive to manufacture but also 
an undesirable increase in the conical stiffness ot 
the assembly arises from the use of two flexible 
bearings. 

According to the present invention there is 
provided flexible joint means comprising a hollow 
outer member, an inner member having a body 
portion located within the outer member and a 
stem portion projecting outwards through an 
opening in the outer member, a flexible bearing 
acting between confronting surfaces on the inner 
and outer members and a substantially 
incompressible fluid contained within a fluid tight 
chamber within the outer member. 

Joint means according to the present invention 
is capable of carrying both tension and 
compression loads, tension loads being 
accommodated mainly by the flexible bearing .n 
compression and compression loads being 
accommodated mainly by increase in pressure of 
the incompressible fluid within the chamber. 

Preferably the fluid within the chamber, for 
example gas or liquid or a combination thereof is 
under pressure in the unloaded cond.t.on of the 
joint means, the fluid pressure serving to pre-load 
tha flexible bearing in compression. 

The degree of pre-loading of the flexible beanng 
is preferably chosen to lie within the operating 
range of the tension loads which the jo.nt means 
is designed to carry. In consequence the overall 
working deflection of the bearing is reduced and 
also the occurrence of tension loads in the bearing 
is avoided both of which contribute to an 
improved fatigue life of the bearing. 

Preferably the sealed chamber is defined at 
least in part by a control element e.g. a flexible 
diaphragm or slidable shuttle subjected on one 
side to the fluid pressure in the chamber and on 
the opposite side to an external fluid pressure 
which serves to prevent the occurrence of 
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negative pressure in the fluid contained within the 
chamber. External fluid pressure may be that oi a 
fluid surrounding the joint means e.g. aimosonefc 
air pressure or the pressure of fluid contained 
within a sealed cavity acting on the opposite side 
of the control element to the fluid in the chamber. 

Preferably the joint means is capable of 
accommodating relative pivotal movement 
between the inner and outer members. Thus the 
confronting axial aligned surfaces on the mner and 
outer members may be pan-cylindr.ca.allow.ng 
pivotal movement in one plane containing me 
longitudinal axis of the joint means but more 
preferably the surfaces are part-sphencal a lowing 
omnidirectional pivotal movement in any plane 
containing the longitudinal axis of the joint means. 
Preferably the confronting surfaces have a 
common central axis (part-cylindncal) or cemre of 
curvature (part-spherical). 

The flexible bearing is preferably or lammarf 
construction consisting of interleaving .aver* o. 
elastomeric material e.g. rubber and reinforcement 
plates but may comprise elastomeric mater, a 
alone. The bearing has end faces complementary 
to the profile of the confronting surfaces on tne 
inner and outer members and where such s «uaac.s 
are of curved profile and the beanng is of laminate 
construction the individual layers/plates of the 
bearing are of similar curved profile. The end ,„ces 
of the bearing may be bonded to the confronting 
surfaces or attached to metal end rings wnich are 
secured to the surfaces by any known means. Tne 
bearing may be annular with a central opening 
through which the stem portion of the inner 
member extends and may be of unitary 
construction or consist of a plurality of individual 

segments. 

For applications where the joint means .s 
required to accommodate large conical deflection 
two inner members separate from one another are 
arranged back-tc-back with the associated stem 
portions projecting outwards in opposite 
directions through respective openings in the 
outer member with a respective flexible beanng 
acting between each inner member and the outer 
member and a substantially incompressible fluid 
contained within the fluid tight chamber w.th.n the 
outer member and acting between the inner 

members. . 

The invention will now be described in more 
detail, by way of example only, with reference to 
the accompanying drawings wherein: _ 

Figure 1 shows in longitudinal section a nrst 
embodiment of joint means according to the 
present invention in the unloaded condition: 

Fiqures 2 and 3 show in longitudinal seci.on 
the joint means of Figure 1 under axial tension and 
compression loads respectively: 

Figure 4 shows in longitudinal section a second 
embodiment of joint means according to me 
present invention in the unloaded condition. 

Fiqures 5 and 6 show in longitudinal section 
the joint means of Figure 4 under axial tens.on ana 
compression loads respectively: and 
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Figures 7 to 1 2 show various modifications to 
the joint means of Figures 1 to 3 and Figures 4 to 

The joint means 1 shown in Figures 1 to 3 of 
5 the accompanying drawings comprises a hollow 
outer member 2. an inner member 3 and a flexible 
bearing 4 acting between the outer and inner 

members. c 
Outer member 2 includes a tubular body portion b 

1 0 hav ing an internal radially inwardly directed flange 
6 at one end defining a central opening 7 and an 
internal part-spherical surface 8 surrounding the 
opening 7. The other end of the body portion 5 is 
closed by an annular flexible diaphragm 9 the 

1 5 peripheral edge of which is received and retained 
- in an annular groove TO defined by a rebate 1 Tin 
the end fare of the body portion 5 and the edge of 
a rigid end plate 1 2 attached to the end face by 
any suitable means (not shown) e.g. bolting. End 

20 plate 1 2 is formed with several vent holes 1 3 for a 
purpose to be described in more detail below 

Inner member 3 has a body portion 1 4 defining 
an external part-spherical surface 1 5 opposite to 
and axially spaced from the internal part-spherical 

25 surface 8 on the outer member 2 and. integral 
with the body portion 1 4. a stem 1 6 which 
projects outwards through the opening 7 in the 
outer member and is coaxial with the longitudinal 
axis of the joint means. 

30 The flexible bearing 4 comprises a plurality of 
annular part-spherical rings consisting of layers of 
elastomer 4a and rigid reinforcement plates 4b 
arranged alternately with the end rings being of 
complementary profile to and secured to the 

35 confronting part-spherical surfaces 8 and 15. 

The body portion 5 of outer member 2. bearing 
4 body portion 1 4 of inner member 3 and flexible 
diaphragm 9 together define a fluid tight chamber 
1 7 filled with a substantially incompressible fluid 

40 1 8 such as a castor based fluid under a pressure of 
500 psi. 

Operation of the above described joint means 
will now be described in more detail. Referring first 
to Figure 1 in which the joint means is shown in 

45 the static or inloaded condition, the elastomeric 
layers 4* are prelo aHpH ; n rnmprp^inn by the 
fluid pressure in chamber 1 7 and the diaphragm 9 
subjected on one side to the fluid pressure in 
chamber 1 7 and on the other side through vent 

50 holes 1 3 to the external pressure of the 

surroundings, here air at atmospheric pressure, is 
flattened against the end plate 1 2. 

Referring now to Figure 2 which shows the 
effect of applying a tension load to either of the 

55 members 2. 3 of the joint means shown in Figure 
1 Consider forexample a tension load applied to 
the inner member 3. as the tension load increases 
the elastomeric layers 4a are subjected to 
increased compression and the inner member 3 

60 deflects to the right as viewed in the drawing in 

the direction of the tension loading. As a result the 
volume of the chamber 1 7 increases leading to a 
reduction in the pressure of fluid in the chamber 
1 7 until the pressure is at atmospheric. At this 

65 point diaphragm 9 is deflected to the right away 



from end plate 1 2 and air at atmospheric pressure 
is drawn into the space between the diaphragm 9 
and end plate 1 2. In this condition the pressure 
acting on either side of the diaphragm is equalised 

70 and increased deflection of member 3 does not 
cause any further reduction in the fluid pressure in 
chamber 1 7. i.e. the fluid pressure in chamber 1 7 
is prevented from going negative. 

Referring now to Figure 3 which shows the 

7 5 effect of applying a compression load to either of 
the members 2. 3 of the joint means shown in 
Figure 1. Consider for example a compression load 
applied to the inner member 3. as the 
compression load increases the elastomeric layers 

80 4a are subjected to reduced compression and the 
load is taken by an increase in the pressure of the 
fluid in the chamber 1 7 which being substantially 
incompressible prevents deflection of the inner 
member 3 to the left as viewed in the drawing in 

85 the direction of compression loading, i.e. the 
occurrence of tensile forces in the elastomeric 
layers 4a is prevented. Operation of the joint 
means 1 under tension and compression loads 
applied to the outer member 2 is similar to that 

90 just described with regard to the inner member 3. 
In addition to its function in accommodating 
compression loads applied to the joint means 1 as 
above-described, the presence of pressurised fluid 
1 8 in chamber 1 7 results in an increase of the 

95 fatigue performance of joint means by reducing 
the actual working deflection of the bearing 
without increasing the maximum percentage 
compression thereof as follows; assume the joint 
means is designed to operate over a working 
100 range of tension loads from 200 to 1 500 tons and 
in the absence of fluid pressure in the chamber 1 7 
total deflection of the bearing over this range 
X mm which is equivalent to a percentage 
compression range of say 0.5 to 3.5%. Now 
1 05 assume the fluid pressure in chamber 1 7 in the 
joint means according to the present invention 
provides a pre-loading of 600 tons in the flexible 
bearing which produces an initial deflection of 
Y mm in the static or unloaded condition. As 
1 1 0 above-described the fluid pressure in chamber 1 7 
reduces with the increase in tension load with the 
result that at a tension load of 1 500 tons the 
contribution from the fluid pressure is 
considerably reduced and the total deflection of 
115 the bearing is substantially me same as in the 
absence of fluid pressure in the chamber 1 7, i.e. 
the working deflection of the bearing has been 
reduced from X mm to {X— Y mm) with is 
equivalent to a percentage compression range of 

120 say 1.5 to 3.5%. 

Further advantages arising from the ability or 
the joint means according to the present invention 
to carry both tension and compression loads using 
a single flexible bearing are reduced conical 

125 stiffness of the joint means as compared with the 
prior an joint means requiring a pair of f, e* ,b,e 
bearings arranged to provide an equivalent ^ ct '° 
and also the reduced cost of manufacture of wh.cn 
the bearing constitutes a major proportion. 

1 30 Turning now to Figures 4 to 6 there is shown a 
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second embodiment of joint means 30 according 
to the present invention utilizing a hollow outer 
member 3 1 and two inner members 32. 32' 
arranged back-to-back to accommodate larger 
5 conical angles than the joint means 1 of Figures 1 

to 3 - u . 

The outer member 3 1 comprises a tubular body 

33 having a respective apertured end plate 34, 
34' attached to either end. The centre portion of 
1 0 the body 33 between the end plates is formed 
with a plurality of vent holes 35 which are closed 
by an internal cylindrical diaphragm 36 attached 
at either end to the body 33. Each end plate 34. 
34' is similar having a central opening 37, 37' and 
1 5 an internal part-spherical surface 38, 38' 
extending around the associated opening. 

Each inner member 32, 32' is similar having a 
body portion 39, 39' defining an external part- 
spherical surface 40, 40' and a stem portion 41.^ 
20 41' integral therewith. Each body portion 39. 39' 
• is disposed within the outer member 3 1 adjacent 

...to a respective one end thereof with the 

associated stem portion 41.41' projecting 
outwards through the opening 37. 37' in the 
25 adjacent end plate 34, 34'. The stem portions 
41,41' are axially aligned and co-axial with the 
longitudinal axis of the joint means. 

A respective flexible bearing 42, 42' acts 
between confronting part-spherical surfaces 38. 
30 40 and 38'. 40' on the inner and outer members. 
Each bearing 42. 42' is similar comprising a 
plurality of annular part-spherical rings consisting 
of layers of elastomer 42a. 42' a and rigid 
reinforcement plates 426, 42'6 arranged 
35 alternatively. . 

The end plates 34, 34', body portion 39, 39 , 
bearings 42, 42' and diaphragm 36 together define 
a fluid tight chamber 43 within the outer member 
in which a substantially incompressible fluid is 
40 contained under pressure. 

. Operation of the joint means 30 shown in 
Figures 4 to 6 under tension and compression 
loads applied to either inner member is 
substantially similar to that described with 
45 reference to the embodiment of Figures 1 to 3 i.e. 
the flexible bearings 42, 42' are pre-loaded in 
compression by the fluid pressure in chamber 43 
and tension loads are carried by an increase in the 
compression in the bearings accompanied by a 
50 reduction in the fluid pressure in the chamber 43 
until it equals the external atmospheric pressure 
acting through vent holes 3 5 and compression 
loads are carried by an increase in the fluid 
pressure in the chamber 43. 
55 The ability of the joint means according to the 
present invention to carry both compression and 
tension loads makes it particularly suitable for 
incorporation in the anchor lines used to secure 
floating oil rig platforms to the sea bed where 
60 movement off the platform can result in widely 
varying the compression and tension loads be.ng 
applied to the joint means via the anchor line 
More particularly the joint means of Figure 1 to 3 
may be used to secure the ends of such a hne by 
65 attaching the outer member to the platform or sea 



bed and the stem of the inner member to the 
• anchor line while the joint means of Figures 4 to 6 
may be used to join successive lengths of such a 
line by attaching the stem portion of each inner 
70 member to the adjacent ends of two successive 
lengths. 

It will be understood that the invention is not 
restricted to the above-described embodiments 
for example as shown in Figures 7 and 8 the 

75 flexible diaphragm 9 of the joint means shown in 
Figure 1 to 3 may be replaced by a flexible 
diaphragm 70 attached around the periphery 
thereof to the end face of the body portior 1 4 of 
the inner member 3. The diaphragm 70 is 

80 subjected on one side to the fluid pressure in the 
chamber 1 7 and on the reverse side to either the 
external pressure of the surroundings via a vent 
line 71 formed in the inner member 3 (Figure 7) or 
the pressure of fluid contained in a fluid-tight 

85 cavity 72 defined by the diaphragm 70 and a 

recess 73 in the end face of the body portion 1 4 of 
the inner member 3 (Figure 8). 

Alternatively as shown in Figures 9 and 1 0 the 
flexible diaphragm 70 shown in Figures 7 and 3 

90 may be replaced by a shuttle 80 slidable in an 
axially extending bore 8 1 formed in the body 
portion 1 4 and stem 1 6 of the inner member 3 
and sealed relative to the bore 81 by a pair of 0- 
rings 82. The shuttle 80 is subjected on one side 

95 to the fluid pressure in chamber 1 7 and on ;he 
reverse side to either the external pressure of the 
surround via a vent-line 83 formed in the inner 
member 3 (Figure 9) or the pressure of fluid 
contained in a fluid-tight cavity 84 defined by the 
1 00 shuttle 80 and the closed end of bore 8 1 (Figure 
10). 

The fluid contained in the fluid-tight cavities 
72, 84 may be gas or liquid, preferably the same 
as the fluid contained in the chamber 1 7. and the 
105 fluid pressures in both chambers are equalised in 
the unloaded condition. Conveniently the cavities 
72, 84 are filled through a channel (not shown) in 
the inner member which is sealed by a closure 
plug. 

110 it will be appreciated that each of the 

modifications shown in Figures 7 to 1 0 may be 
incorporated in the joint means of Figures 4 to 6 ^ 
wherein one or both of the inner members 32. 32' 
may be constructed as shown in Figures 7 to 1 0 or 

115 any combination thereof. 

In yet a further modification shown in Figures 
1 1 and 1 2 the diaphragms 9 to 36 of the joint 
means shown in Figure 1 to 3 and 4 to 6 
respectively are omitted and the fluid tight 

1 20 chambers 1 7 and 43 filled with a combination of 
gas and liquid under pressure to pre-load the 
bearings 4 and 42. 42' in compression. The 
volume of gas. usually considerably less than the 
volume of liquid, is selected so that under 

1 25 maximum tension load the internal fluid pressure 
within the chamber does not fall below the 
external pressure of the surroundings and under 
the compression load the internal fluid pressure 
with the chamber rises rapidly to carry the load, 

1 30 the initial internal fluid pressure being selected to 
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ensure that the bearings never go into tension 
under compression loading. The gas and liquid 
may be in contact with one another or separated 
by a suitable membrane e.g. the gas may be 
5 contained within a sealed envelope. Suitable 
combinations of gas and liquid are air and water 
containing a rust inhibitor. 

Other modifications (not illustrated) include the 
provision of a sealed cavity containing fluid acting 

1 0 on the reverse side of the diaphragms 9 and 36 of 
the joint means shown in Figures 1 to 3 and 4 to 6 
respectively. Such sealed cavity could be disposed 
externally of the outer members or the diaphragms 
9, 36 could be constructed to sub-divide the 

1 5 chamber within the outer member into two fluid- 
tight compartments. Alternatively the outer 
member ofthe joint means shown in Figures 1 to 
3 and 4 to 6 could be provided with the sliding 
shuttle arrangement similar to those shown in 

20 Figures 9 and 1 0 in place of the flexible 
diaphragms 9, 36. 

The confronting surfaces on the inner and outer 
members may be part-cylindrical to provide 
pivotal movement in one plane only containing the 

25 longitudinal axis of the joint means. 

The stem portions of the inner members may 
be formed integrally with the body portion as 
described or the stem portions may be formed 
separately and attached to the body portions by 

30 any suitable means e.g. bolting. 

CLAIMS . 

1 . Flexible joint means comprising a hollow 
outer member, an inner member having a body 
portion located within the outer member and a stem 

35 portion projecting outwards through an opening 
in the outer member, a flexible bearing acting 
between confronting external and internal 
surfaces on the inner and outer members 
respectively for absorbing tension loads and 

40 substantially incompressible fluid contained within 
a fluid tight chamber within the outer member for 
absorbing compression loads. 

2. Joint means according to claim 1 wherein 
said bearing is pre-loaded in compression. 

45 3. Joint means according to claim 2 wherein 
said bearing is pre-loaded by the pressure of the 
fluid within the chamber. 

4. Joint means according to any one of the 
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preceding claims wherein the chamber is defined 
at least in part by a control element subjected on 
one side to the pressure of the fluid within the 
chamber and on the opposite side to an external 
fluid pressure. 

5. Joint means according to claim 4 where. n 
the control element is a flexible diaphragm. 

6. Joint means according to claim 4 wherein 
the control element is a slidable shuttle. 

7. Joint means according to any one of claims 
4. 5 or 6 wherein the external fluid pressure is 
atmospheric. 

8. Joint means according to any one of claims 
4, 5 or 6 wherein the external fluid pressure is that 
of a fluid contained within a sealed cavity. . 

9. Joint means according to any one of the 
preceding claims wherein the confronting surfaces 
are part-cylindrical, preferably having acommon 
central axis. 

1 0. Joint means according to any one of claims 
1 to 8 wherein the confronting surfaces are pan- 
spherical, preferably having a common centre of 
curvature. 

1 1 . Joint means according to any one of the 
preceding claims wherein the bearing is of 
laminate construction comprising interleaving 
layers of elastomer and reinforcement. 

1 2. Joint means according to any one of the 
preceding claims comprising two inner members 
having the associated body portions thereof 
located within the outer member and the 
associated stem portions thereof projecting 
outwaraly in opposite directions through 
respective openings in the outer member and a 
respective flexible bearing acting between each 
inner member and the outer member. 

1 3. Flexible joint means substantially as 
hereinbefore described with reference to Figures 1 
to 3 or Figures 4 to 6 of the accompanving 
drawings. 

1 4. Flexible joint means substantially as 
hereinbefore described with reference to Figures 1 
to 3 or Figure 4 to 6 of the accompanying 
drawings as modified by any one of Figures 7 to 
10. 

1 5. Flexible joint means substantially as 
hereinbefore described with reference to Figure 
1 1 or Figure 1 2 of the accompanying drawings. 
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